ABSTRACT: Unprecedented homoleptic octathioether macrocyclic coordination to Na + in [Na ([24]aneS 8 )] + has been achieved by using Na[B{3,5-(CF 3 ) 2 -C 6 H 3 } 4 ] as a source of "naked" Na + ions and confirmed crystallographically, with d(Na−S) = 2.9561(15)−3.0524(15) Å. Density functional theory calculations show that there is electron transfer from the S 3p and C 2p valence orbitals of the ligand to the 3s and 3p orbitals of the Na + ion upon complexation. M acrocyclic ligands have been exploited extensively within transition-metal chemistry because of the typically higher stabilities of their complexes caused by the macrocyclic effect.
M acrocyclic ligands have been exploited extensively within transition-metal chemistry because of the typically higher stabilities of their complexes caused by the macrocyclic effect. 1−3 The capacity to vary the number and type of donor groups (Lewis bases) and overall ring size (binding cavity) renders them extremely versatile ligands. Thioether macrocycles have been studied intensively. Their ability to stabilize unusual transitionmetal oxidation states and geometries has been established, as well as their coordinative flexibility, enabling ready interchange between oxidation states during electron-transfer reactions. 4 A diverse chemistry of these ligands toward p-block acceptors has also emerged more recently. 2, 5 In contrast, examples of thioether coordination toward s-block cations are much rarer. It is wellknown that these hard, labile cations have a very high affinity for crown ethers, and examples of coordination of the heavier chalcogenoether donor groups in the s block are limited to a very small number of mixed thia−oxa and selena−oxa macrocyclic complexes. 6 The coordination environment was established unambiguously by X-ray crystallography. The structure (Table S1 in + cations (M = Li, Na, K, Rb, Cs), using the BP86 and B3LYP functionals with a 6-311G(d,p) basis set and the Gaussian 09 package.
14 Details of the computational methodology are given in the SI. In general, good agreement was obtained between the BP86 and B3LYP results, so only a summary of the main results of the BP86 calculations is presented here, with all of the results obtained with both functionals given in the SI. The computed minimum-energy geometry for [Na( + are in good agreement with the corresponding crystallographic parameters (Table 1) , with the former being generally slightly longer. The acuteness of the S−Na−S bond angles is also reproduced by the BP86/6-311G(d,p) calculations, which give S−Na−S bond angles in the range 68.3−70.4°, compared to those derived experimentally, 67.85(4)−71.10(4)°. This suggests that the DFT calculations are sufficient to allow qualitative analysis of the electronic structure in this complex.
Zero Figure S3 in the SI), has an unusual charge distribution. The charge densities on each center are presented in Table S5 8 and M + , the electron density is transferred from the S 3p and C 2p valence orbitals of the ligand to the 3s and 3p orbitals of the Na + center. As a result, the charge density on each S atom becomes more positive, while the charge density on each C atom becomes less negative. A domino effect is observed, insofar as the positively charged Na + attracts the lonepair electrons from the S atoms, which then pull electrons from the C−C and C−H bonds. + cation with numbering scheme. Ellipsoids are drawn at the 50% probability level, and H atoms are omitted for clarity. 
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In the uncomplexed ligand, the charge densities on each center are somewhat unexpected given that the electronegativities of S and C are similar, with that of S slightly greater than that of C and greater than that of H (Table S5 in the SI). The result of the DFT calculations on the ligand indicates positive charges on the S atoms and negative charges on the C atoms (with the expected small positive charges on the H atoms).
The highest occupied (HOMO) and lowest unoccupied (LUMO) molecular orbitals of the optimized structure of [Na([24]aneS 8 )] + ( Figure 2 ) are shown in Figure 3 . The HOMO is composed of S 3p orbitals, which show little interaction with orbitals on other centers. This molecular orbital is therefore nonbonding in character. The LUMO is antibonding because it shows antibonding interactions between the valence p orbitals on S atoms that are close to each other (namely, between S2 and S7, S1 and S4, S3 and S6, and S5 and S8) and antibonding interactions between the valence orbitals in the C−C units. Population analysis of the frontier molecular orbitals clearly shows that electron transfer takes place from the HOMO and a group of closely packed occupied orbitals lying below the HOMO, into the 3s and 3p valence orbitals of the Na + ion. These results demonstrate that highly unusual soft thioether donor complexes of the Na + cation can be readily accessed by using macrocyclic architectures. The higher denticity rings are better suited for ensuring complete displacement of competitive ligands such as THF. DFT calculations show good agreement with the experimentally determined Na−S bond distances and S−Na−S angles. The similar conformations in the "free" and coordinated rings predicted by DFT suggest that preorganization of [24] 
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